This study set out to evaluate influenza-and respiratory-related illnesses recorded during primary care physician consultations in England following the H1N1 pandemic in 2009 and to enable the development of a dynamic disease model. Data were obtained from the Clinical Practice Research Datalink of primary care records over four influenza seasons (2010)(2011)(2012)(2013)(2014). The primary outcome of the study was incidence of influenza-and respiratory-related diagnoses, calculated per practice and by season and age group. Upper respiratory tract infection diagnoses were most frequently recorded (mean seasonal practice level incidence; 3,762 consultations per 100,000 [SD D 1,989]), and influenza-related diagnoses were least frequently recorded across all seasons, except one. Incidence rates for the under 18 population were higher than those for the general population, in particular for upper respiratory tract infection (range of 8,024-9,950 versus 3,228-4,120, respectively) and otitis media diagnoses (2,668-3,652 versus 782-1,057, respectively). For influenza-related diagnoses, the 65C age group, the 0 to <2 and 2 to <4 groups had a higher risk (risk ratio D 1.33, 1.12 and 1.16, respectively) than other age groups. This study provides valuable insight into the incidence of influenza-and respiratory-related diagnoses in the primary care setting in England, and suggests a higher burden of disease in young children and the elderly. The study also indicates that some influenza illness is likely to be reported under respiratory-related diagnoses, given the low incidence of influenza-related diagnoses in the study.
Introduction
Seasonal influenza is associated with a significant clinical and economic burden. 1 The World Health Organization estimates that annual influenza epidemics result in around 3-5 million cases of severe illness, and approximately 250,000-500,000 deaths globally. 2 In Europe, influenza is estimated to cause 40,000 deaths each year. 3 Influenza also causes secondary infections and can exacerbate pre-existing chronic conditions, further contributing to its clinical and economic burden. 4, 5 In particular, adults aged 65 years and over, pregnant women, those with certain chronic medical conditions and young children are at high risk of developing influenza-associated illnesses such as acute lower respiratory infections (ALRI), including pneumonia and bronchitis. 6 A large-scale study of the global burden of influenza and associated illnesses estimated that 90 million new cases of influenza, 20 million cases of influenza-associated ALRI, and 1 million cases of influenza-associated severe ALRI occur globally in children under 5 years old. 7 Globally, influenza is associated with 10% of respiratory hospitalizations in children younger than 18 years old. 8 In an average influenza season in the United Kingdom (UK), 2.4% of children under 5 years old visited primary care providers (PCPs) for respiratory illness attributed to influenza. 9 Influenza vaccination policies have traditionally targeted the elderly and those in other clinical risk groups, including pregnant women. 10 More recently, recommendations on vaccination policies have also been extended to otherwise healthy children (those aged <18 years). 10 Children are more likely to be infected with influenza than adults, with attack rates reaching up to 30%. 11 Additionally, young children have particularly high rates of complications from influenza infection, with acute otitis media developing in nearly 40% of children under 3 years. 12 Children are also considered key transmitters of influenza infection because they shed higher viral titers for longer periods of time than adults, are in close contact with one another in schools and other settings, and may have limited pre-existing immunity and poor hygiene. [13] [14] [15] [16] In 2013, based on such findings and a thorough evaluation of the different influenza prevention strategies, the UK health authority implemented a childhood influenza vaccination program with live attenuated influenza vaccine on the recommendation of the Joint Committee on Vaccination and Immunisation. [17] [18] [19] In the first year of the program during the 2013-2014 influenza season, all children aged 2 and 3 years were offered the vaccine. 20 In addition, 7 local regions offered vaccinations to children aged between 4 and 11 17 in school and community settings. The program has been extended to older age groups in subsequent seasons with the aim to increase vaccine uptake rates.
The UK's childhood influenza vaccination program provides an opportunity to investigate the impact of vaccinating children against influenza on the burden of disease in the general population. Our overall aim is to develop a dynamic disease model to measure the impact of the childhood vaccination program on respiratory disease burden in England. In preparation for this, there was a need to describe the distribution and patterns of respiratory disease burden in the general population and across age groups. To achieve this, we undertook a descriptive analysis of the seasonal rate and variability of influenza-and respiratory-related PCP consultations in England for the years following the 2009 H1N1 pandemic. While studies have been published on the burden of influenza-attributable respiratory illness prior to 2009, 21, 22 there is limited information about the burden after the 2009 H1N1 pandemic. One study by Hardelid et al. measured the consultation rate of influenza-like-illness PCP consultations 23 after the pandemic; however, no studies to date have reported the rate of overall respiratory-related PCP consultations and patterns across respiratory diagnoses. It is important to obtain contemporary estimates of influenza-and respiratory-related PCP-consultations as it is likely that physician diagnosing behaviors were altered following the 2009 H1N1 pandemic. The results of this study will be used to inform the design and development of a dynamic disease model, which will be utilized to estimate the impact of the childhood influenza vaccination program in England.
Results Table 1 provides a description of the included population for the study in relation to gender and age for each season. The study population was similar across seasons, with over 2 million participants in each season. [CV] ) was <1 for all diagnosis groups with the exception of influenza-related diagnoses. Incidence rates for diagnosis groups across seasons had limited variability with the exception of influenza-related diagnoses.
Practice-level incidence rates for each diagnosis group for the under 18 years population are provided in Table 3 . Incidence rates for the under 18 years population were higher than those for the general population, in particular for URTI and otitis media (incidence rate per 100,000 population within the range of 8,024-9,950 vs 3,228-4,120 for URTI and 2,668-3,652 vs 782-1,057 for otitis media diagnoses in the under 18 years and general population, respectively). This general trend was not observed for certain diagnoses such as influenza-related illness and LRTI, for which lower incidence rates were observed for patients within the 11-18-year-old age group. Inter-practice variability (measured by CV) was similar to the general population, with some evidence that there were higher levels of variability between practices for influenza-related and pneumonia diagnoses (CV range 2.1-5.9 and 1.3-2.0, respectively). For the majority of diagnosis outcomes, as well as for total outcomes combined, similar incidence rates were observed across the first three seasons, with a decrease in incidence rates observed during the 2013-2014 season.
A mixed-effect model was used to estimate the effect of age and gender (fixed effect) on the risk of each diagnosis SD, standard deviation. a n D total number of registered patients meeting the study inclusion criteria at the beginning of the season.
group, with season and practice as random effects, as illustrated in Fig. 1 . The 18 to <65 age group and males were used as the reference groups for age and gender, respectively. The findings for the different diagnostic categories are as follows: Influenza-related illness ( Fig. 1a ): There was a higher risk associated with the 65C age group (risk ratio [RR] D 1.33), with some evidence that there was also a higher risk for the 0 to <2 and 2 to <4 age groups (RR D 1.12 and 1.16, respectively). The 5 to <11 and 11 to <18 age groups both showed a decreased risk (RR D 0.63 and 0.59, respectively). Other ARTI (Fig. 1b) : All age groups under 18 and the 65C age group showed an increased risk of other ARTI. LRTI ( Fig. 1c) and pneumonia ( Fig. 1d ): Age groups below 5 and the 65C age group were at higher risk of LRTI or pneumonia diagnosis, with the 5 to <11 and 11 to <18 age groups at lower risk. URTI ( Fig. 1e ) and otitis media ( Fig. 1f ): All age groups under 18 years were at higher risk of URTI and otitis media, with a lower risk associated with the 65C age group. Asthma exacerbation (Fig. 1g ): The 0 to <2 age group had a lower risk for asthma exacerbations, with higher risk associated with all other age groups under 18 years. Across all outcomes (Fig. 1h) , female subjects were associated with a higher risk of an influenza or respiratory diagnosis. Figure 2 shows the seasonal and practice effects associated with each of the diagnosis groups. Seasonal effects were similar in direction across all diagnosis groups, with the 2010-2011 season associated with an increased risk and the 2013-2014 season associated with a decreased risk of influenza-or respiratory-related diagnoses. The magnitude of the seasonal effect was visibly larger for influenza-related illness, with all other diagnosis groups exhibiting smaller variations across season. Practice effects (increased variability in observed incidence rate) were also much higher for influenza-related illness, as is illustrated within the lower graph of Figure 2a . Practice effects were also comparatively higher for pneumonia in comparison with all other diagnosis groups.
Discussion
This analysis provides valuable insight into the population-level incidence of influenza-and respiratory-related disease in England during the winter months across four consecutive influenza seasons after the 2009 H1N1 pandemic, and the diagnostic labeling of the conditions in UK primary care. While previous studies have reported on the incidence of respiratory disease ascertained through PCP consultations and hospitalizations, 9 ,24 no studies have reported incidence rates for distinct groups of respiratory conditions. Furthermore, no studies at the time of publication have reported on PCP diagnosis rates for seasons following the 2009 H1N1 pandemic, after which PCP diagnosing behavior may have changed and new surveillance processes were initiated. This study provides specific insights into how respiratory illnesses are classified by PCPs (e.g. ARTI, LRTI, URTI, etc.), and allows us to decide which of these measures would be most appropriate for use in a dynamic disease model, which will enable us to estimate the impact of vaccinating children of different ages on the overall burden of influenza in England. It is recognized that PCPs may not always employ precise criteria when diagnosing patients with respiratory-related conditions, and this descriptive analysis allowed for the characterization of diagnosing behavior using diagnosis categories defined by an expert in influenza and experienced PCP. As the study was conducted over four influenza seasons after the 2009 H1N1 pandemic, the analysis also captures any variability in diagnosing behavior that might have occurred as a result of the pandemic. The most frequent diagnoses during respiratory-related consultations were found to be URTI, followed by LRTI and other ARTI. Comparatively, the frequency of influenza-related illness was low. As influenza is one of the most predominant circulating pathogens during the winter period, our findings suggest that a substantial proportion of primary care consultations presenting with respiratory symptoms and with an underlying influenza infection are being diagnosed as URTI, LRTI, or other ARTI, similar to what has been seen in other studies of influenza illness in primary care practice in the UK. 9, 24 Further evidence of this is provided when the rates of influenza-related diagnoses from this study are compared with the rates reported by Public Health England (PHE) within the routine influenza surveillance reports, 25 which mimic the same pattern as this study, though with significantly lower rates. This is also illustrated by the high level of inter-practice variability associated with the influenza-related illness outcome in comparison with the other outcomes collected in the present study. The findings from this novel categorization of respiratory diagnosis codes after the 2009 pandemic indicate that care should be taken when selecting diagnoses for observational studies of influenza and measuring the impact of influenza vaccination programs, as influenza diagnoses may be recorded under respiratory diagnoses.
The findings from evaluating consultation rates by age in this study are in agreement with previous studies that have highlighted the high burden of influenza and risk of complications in young children and the elderly. 1, 6 The results observed in this study may be due to the true higher disease burden in the young and elderly, but could be confounded by the fact that young and elderly patients are more likely to visit a PCP for consultation. Only children under the age of 5 were found to be at a higher risk of the more severe diagnoses (pneumonia, LRTI). One potential explanation of this finding is the immaturity of the immune system in children, in particular, the mechanisms that usually recognize influenza viruses and activate immune responses to reduce viral replication. 26 The use of the CPRD means that the findings here should be broadly representative of the UK population. 27 However, the CPRD does not capture those with influenza who did not seek medical attention, or those who received medical care outside of PCPs. In addition, it is possible that some influenza-and respiratory-related diagnoses could have been attributed to other respiratory viruses, such as respiratory syntactical virus (RSV). One of the major limitations of this study is the lack of virology data, which has been used to perform regression modeling by others to validate the disease burden. 9, 28, 29 However, even when virology data has been used in other studies, it has been limited to influenza A, B and RSV in the past. Hence, presenting the complete information as is, without modeling for virology, lends itself to a more conservative interpretation of the data. Finally, the high levels of inter-practice variability associated with the influenza-related illness outcome in comparison with the other outcomes collected in the present study may represent a weakness in our data; however, future studies will help establish whether this finding persists.
The variability in observed incidence rates across seasons may be attributed to differences in the virulence of the seasonal strains, differences in the level of vaccine match, or differences in the diagnosing practices of PCPs, or of the general population in relation to propensity to consult a PCP. It is possible, for example, that the diagnosing behavior of PCPs may change following a particularly severe influenza season. However, what can be seen is that the overall inter-seasonal trends observed with CPRD data are similar to those observed within PHE virology data.
It is noted that there is a small year-on-year decrease in the total practice-level population across the seasons included within our study (see Table 1 ). This is likely due to a corresponding decrease in the number of practices registered with CPRD. The number of practices included in the study varied over time depending on how long practices contributed to the CPRD, and was not documented for the purposes of this analysis. However, as population characteristics in terms of age and gender were similar across the seasons considered (as shown in Table 1 ), it is likely that the underlying population is comparable across seasons, and the decrease in the total population does not bias the results of the analysis. A potential limitation of the study is that multiple diagnoses can be recorded for each PCP respiratory consultation, meaning that a single consultation can be counted in different diagnosis groups. As there is no way of discerning between primary and secondary diagnoses for a consultation, it is not possible to account for this limitation. However, this does not impact the primary objective of this study, which is to evaluate the distribution of practice-level incidence rates of respiratory diagnoses.
The findings of this descriptive study will be used to inform future observational studies and modeling work evaluating the burden of influenza and the impact of vaccination against influenza.
Methods
The study was undertaken as a retrospective observational analysis. Data were obtained from the Clinical Practice Research Datalink (CPRD), which were eligible for linkage to the Hospital Episode Statistics and Office of National Statistics databases. CPRD is a research database made up of a network of PCP practices across the UK and holds anonymized longitudinal primary care records from more than 11 million patients, and is considered broadly representative of the UK population. 27 Laboratory data were not used in the analysis as the objective of this study was to investigate overall rates and patterns of respiratory diagnoses and not to attribute burden to influenza or other circulating pathogens.
Data were collected for four consecutive influenza seasons: 2010-2011, 2011-2012, 2012-2013 (before the introduction of the UK's childhood influenza vaccination program), and 2013-2014, the first year of the childhood influenza vaccination program. The start date for each season was 1 September (index date) and the season end date was defined as 13 April (the end of the notable period of community transmission of influenza 30 ). Previous research has used the CPRD to estimate the burden of influenza-attributable illnesses. 9 Subjects were included in the analysis for each influenza season if they were registered with an eligible PCP practice within the CPRD network on the start date of that season and had at least 12 months of registered history within the database. Subjects aged <1 year on the start date were included for each season if they were registered with an eligible practice on the index date (1 September) of the respective season.
Subjects were analyzed by age using the following age groups: 0 to <2 years, 2 years to <4 years, 4 years to <5 years, 5 years to <11 years, 11 years to <18 years, 18 years to <65 years, and 65 years and above. The age groups were split in this way to facilitate analysis of the impact of the childhood influenza program, which is being rolled out in a gradual manner across the aforementioned age bands.
Study outcomes
The primary outcome of the study was the incidence of influenza-or respiratory-related PCP diagnoses, chosen based on expert opinion and previous modeling work on age-specific influenza-related hospitalization and mortality in the UK. 9, 31 Diagnoses were categorized according to the following seven groups based on medical read codes recorded at the time of the PCP consultation. 32 Influenza-related illnesses URTI LRTI Other ARTI Pneumonia Otitis media Asthma exacerbations. Categories were defined based on input from an influenza clinical expert. To avoid double counting the same underlying infection, only the first PCP consultation during which a relevant code was recorded was counted for each diagnosis group. Any subsequent consultations within the same season in which a code for the same diagnosis group was recorded would not be counted as a separate consultation for that particular diagnosis group.
Statistical analysis
The patient population for each season was described in terms of gender and age group. The distribution of practice-level incidence rates of influenza-and respiratory-related PCP diagnosis outcomes and all outcomes combined were reported by season for the general population (adults and children) and childhood population (<18 years old). Both measures of central values (e.g., means, medians) and dispersion/variations (e.g., interquartile ranges, SD, CV; calculated as a ratio of empirical SD and mean) across practices were calculated. A mixed-effect model was applied to the four seasons to simultaneously capture and disentangle the various sources of variability; namely season and practice. Specifically, a Poisson model was used to describe age and gender effects as a fixed effect, as well as seasonal and practice variability as a random effect for each of the seven influenza-and respiratory-related PCP diagnoses outcomes and all outcomes combined. [33] [34] [35] [36] No patient-level covariate adjustment was performed. Missing data was not imputed due to the descriptive nature of the study.
This study was approved by the Independent Scientific Advisory Committee for Medicines and Healthcare products Regulatory Agency (Protocol Number 14_169R). No patient consent was required given the retrospective, non-interventional design of the study. 
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